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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #96b [1], RAN1 continued the discussion on solutions for full TX power uplink transmission. Based on the agreements, it is expected that RAN1 #97 will arrive at a solution for at least UE capability 2. In this contribution, we provide our views for each proposed alternative solution for UE capability 2.

	For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports
· The above applies for the cases including when UE transmitting at P_c_max

Supported UE capabilities and supported scheme for UE capability 1
· Option 3
· FFS: Whether to additionally support Option 1-2

Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· FFS: For UE capability 1, if any other information is necessary
· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed
· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced
· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission
UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1
The signalling of above information does not imply any specific UE PA architecture implementation.

RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
· Alt5: FDM multi-port simultaneous transmission



2. SCALING FOR UL FULL TX POWER 
In Rel-15, UE coherence capabilities; nonCoherent (NC), partialAndNonCoherent (PNC) and fullAndPartialAndNonCoherent (FPNC) are introduced to reflect the integrity of UL transmission in terms of frequency and time coherence. As such, according to UE coherence capability, only a specific subset of precoders will be allowed for transmission. For a given coherence capability, three categories of PA architectures are considered for discussion related to full TX power UL transmission. The categories are represented in the form of UE capabilities:
UE capability 1 (Cap1): full rated PAs on each TX chain is supported with a new UE capability 
UE capability 2 (Cap2): no TX chain is assumed to deliver full power with the new UE capability 
UE capability 3 (Cap3): subset of TX chains with full rated PAs is supported with a new UE capability

At least for PC3, UE capability 1 and 3 have been identified as feasible PA architecture options that can support full power transmission. UE capability 2 can also support full TX power in certain cases, however further investigations deemed necessary to validate its viability.
In Rel-15, power setting and scaling procedure for PUSCH is defined as follows [2], 
	




For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 



Therefore, with NR Rel-15 UE precoding behavior, where antenna selection is performed through subset precoder selection, full TX power may not be always achieved if PAs are not fully rated to the expected max power, e.g., 23 dBm for PC3. Therefore, given inherent differences of each UE capability, adoption of different power scaling solutions is required. For example, for Cap1 UEs, the Rel-15 specification is still valid, and no change in specification is required. However, for a UE Cap2 and Cap3, different set of scaling solutions may be required. 

Observation 1: Different scaling solutions might be needed to match UE capability.

3. UL TRANSMISSION WITH CAP1 UES 
It has been agreed that due to full power capability of each TX chain for UEs with capability 1, Option 3 offers sufficient support for power scaling with no specification impact, and no other solution is required. Also, since Option 3 does not require any form of virtualization or new precoder subset definition, any additional signalling beyond signalling of “UL full power tx capability” is not required. 

Proposal 1: For UE Capability 1, no additional scaling solution and signalling are required. 

4. UL TRANSMISSION WITH CAP2 UES 
In the last RAN1 meeting it was agreed to select one of the proposed alternative solutions to support UE capability 2. Following the email discussion after RAN1 #96b, a tentative summary on some clarification related to each scheme was prepared for further discussion [3]. In this section we provide our views for each proposed solution.

Alt1: Option1-1 
	(Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Small delay CDD, if applied, is transparent to RAN1 specification
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable, includes the TPMI precoders in codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported



The main premise of Alt1 is that a Cap2 UE can achieve full TX power by supporting a new codebook subset by which precoders based on non-antenna selection TPMI will be allowed. Alt1 seems a viable solution that can enable a Cap2 UE to transmit at full TX power if needed. As for the selection of TPMI, we have a slight preference for allowing all non-antenna selection TPMI (Alt2), as it offers more options and potentially more accuracy for precoding. Also, in absence of any knowledge about the level of phase/amplitude incoherency, we do not support CDD-based virtualization as it may not be beneficial.

[bookmark: _Hlk7594082][bookmark: _Hlk7594679]Proposal 2: For UE Capability 2, Alt1 without any virtualization is supported.


Alt3-1: Option3+Option2 
	(Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
· UE is configured with multiple SRS resources in a set each with different number of SRS ports, e.g. 1 SRS source is configured with 1 port and another SRS resource is configured with 2 ports for the UE with 2 Tx chains.
· UE virtualizes Tx chains when configured with an SRS resource that has fewer ports than the number of Tx chains, e.g. 2 Tx chains are virtualized to transmit 1 port SRS resource
· Small delay CDD or other virtualization mechanism is applied in spec transparent manner
· UE does not virtualize Tx chains when configured with an SRS resource with number of ports equal to the number of Tx chains, e.g. 2 Tx chains transmit 2 ports SRS resource.


For a 2TX antenna configuration, it is straightforward to implement Alt3-1. However, for a 4TX UE, it is not clear how the virtualization should be performed. More specifically, there are different ways that ports could be paired for virtualization, e.g., the first and second ports, or first and third, etc. For a 4TX UE, this information should be also known to the gNB to avoid a potential TPMI mis-match. Otherwise, it will not be clear how a TPMI should be interpreted if the gNB does not know which ports are virtualized. 
Also, for a 2TX UE, virtualization effectively means allowing a non-antenna selection TPMI precoder that makes this solution the same as Alt1. 

Proposal 3: For UE Capability 2, Alt3-1 is not supported.


Alt3-2: Option3+Option2+ Option1-1 
	(Multiple SRS resources with different number of SRS port(s) in each resource)
· UE is configured with one SRS resource (without virtualization)
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable, includes the TPMI precoders in codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported
· A different SRS port is transmitted on each Tx chain (small delay CDD maybe transparently applied)
· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI


Alt3-2 seems a bit similar to Alt1 with some emphasis on possibility of using combined channel estimates for uplink CSI determination. As stated earlier, in absence of any knowledge about the level of phase/amplitude incoherency, we do not support CDD-based virtualization as it may not be beneficial.

Proposal 4: For UE Capability 2, Alt3-2 can be further discussed and potentially combined with Alt1.


Alt5: FDM multi-port simultaneous transmission
	· The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent)
· E.g., four PRBs are allocated to the UE for one layer PUSCH transmission. UE only use antenna port 0 for PUSCH transmission in PRB#0 and PRB#1, while only use antenna port 1 for PUSCH transmission in PRB#2 and PRB#3. It also could be considered as that precoding matrix [1, 0] is applied for PRB#0 and PRB#1 while precoding matrix [0, 1] is applied for PRB#2 and PRB#3.
· This is applicable to both CP-OFDM and DFT-s-OFDM
· For DFT-s-OFDM, one DFT is applied to one RB set
· This does not have spec impact on PRB bundling
· The minimal size of a RB set is 1 RB



While Alt5 may seem to allow a UE to achieve full transmission power, it cannot be considered as a MIMO transmission that is the scope of this work. Also, it is not clear how CSI should be measured and interpreted as the transmission resources for each port are completely orthogonal. For example, transmission rank does not represent anything meaningful as there cannot be a two layer transmission from a single antenna. Moreover, from implementation perspective, per transmission layer, a UE may need to have either two IDFT/DFT + DAC, or two very highly selective filters that may not be an efficient and attractive approach for implementation. In other words, for a 2TX transmission, each set of RBs should be processed differently than the other set before being fed to the antenna ports #0 and #1.
Proposal 5: For UE Capability 2, Alt5 is not supported.

5. UL TRANSMISSION WITH CAP3 UES
In a UE with Capability 3, high rated PAs, (e.g., full rated PAs) are placed only on a subset of TX RF chains. A UE with Capability 3, may be able to support high (e.g., full) power transmission only using a subset of precoders. Table 2 shows a few exemplary cases of PA options for a 4TX UE where a mix of low and high rated PAs are placed at each TX branch. As shown in the last column, assuming port combining (virtualization), each architecture option can support a certain coverage of full power capability. As Table 1 demonstrates, each option represents a different level of full TX power capability in terms of the number of supported ports.
	Table 1 – Exemplary PA options for Capability 3 UE

	
	PA1 (dBm)
	PA2 (dBm)
	PA3 (dBm)
	PA4 (dBm)
	Full power capability

	Option 1
	17
	17
	17
	23
	Single port

	Option 2
	17
	17
	20
	20
	Single port

	Option 3
	17
	17
	20
	23
	Single and two ports

	Option 4
	17
	17
	23
	23
	Single and two ports

	Option 5
	17
	20
	20
	23
	Single and two ports

	Option 6
	17
	23
	23
	23
	Single, two and three ports

	Option 7
	20
	20
	23
	23
	Single, two and three ports



Since UE PA architecture cannot be known to the gNB, and the fact that different virtualization mechanisms can be considered by UE, a Cap3 UE should at the least indicate as how many cases of transmission ports can be supported for full power transmission. For example, for a Cap3 UE with 4 TX antenna, a UE should indicate whether it supports full transmit power over a single port or more. Then, based on the information, the UE is configured by gNB with only one subset of precoders with antenna selection capability. For example, a UE with 4 TX antenna port should be configured with only wj subsets as defined below,

 
Referencing the codebook defined in Table 2, precoding options wj are limited to only precoders with TPMI indices 8-11. Assuming a UE with architecture similar to Option 3 of Table 2, and configured subset wj, a UE can perform a virtualization as shown in Figure 1 to adapt to wj  structure.
Proposal 6: Cap3 UE should indicate the number of ports that can support full power transmission. 


[bookmark: _Hlk4493915]Table 2 - Precoding matrix  for single-layer transmission using 4 antenna ports with transform precoding disabled[image: ]


[bookmark: _Ref7043177]Figure 1


6. Conclusion
In this contribution, we provide our perspectives on UE capability and the recommended solutions to support full power uplink transmission. Based on the discussion, following proposal are made:

Observation 1: Different scaling solutions might be needed to match UE capability.
Proposal 1: For UE Capability 1, no additional scaling solution and signalling are required.  
Proposal 2: For UE Capability 2, Alt1 without any virtualization is supported.
Proposal 3: For UE Capability 2, Alt3-1 is not supported.
Proposal 4: For UE Capability 2, Alt3-2 can be further discussed and potentially combined with Alt1.
Proposal 5: For UE Capability 2, Alt5 is not supported.
Proposal 6: Cap3 UE should indicate the number of ports that can support full power transmission. 
[bookmark: _GoBack]
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